INTRODUCTION
============

Brain tumors are classified as either benign, malignant or cancerous tumors based on their degrees of progression. To be more precise, the malignant tumors are comprised of grade III and IV, and the benign tumors are those of I and II. Malignant brain tumors or cancerous tumors are divided into primary and secondary tumors which secondary type is associated with metastasis \[[@b1-jcp-24-079],[@b2-jcp-24-079]\]. In contrast to adult brain tumors, this kind of tumors has a primary origin in children. Malignant brain tumors consist of pilocytic astrocytoma, ependymoma and medulloblastoma in children and include Glioblastoma Multiforme (GBM), oligodendroglioma and meningioma in adult based on their origin. Medulloblastoma (World Health Organization IV) is the most common malignant tumor of the central nervous system in children and is estimated to be around 0.5 per 100,000 in children younger than 15 years, it consists of about 20% of the total brain tumors in children \[[@b3-jcp-24-079],[@b4-jcp-24-079]\]. Medulloblastoma belongs to central nervous system primitive neuroectodermal tumor family, and it is originating in towards the back and the bottom of the brain and in the cerebellum or posterior fossa. The medulloblastoma tumors can metastasize to the spinal cord which is accompanied by an unpleasant prognosis \[[@b5-jcp-24-079]\]. Medulloblastoma is also seen in Gorlin syndrome as well as Turcot syndrome \[[@b6-jcp-24-079]--[@b8-jcp-24-079]\]. With the recent advances in medical sciences and myriads of treatments such as surgery, radiation, and adjuvant chemotherapy, still the outcome of the treatments used for the patients diagnosed with medulloblastoma is poor, and less than 50% of medulloblastoma patients achieve complete remission within 5 years \[[@b9-jcp-24-079]\]. Additionally, survivors after a long period of treatment suffer from neurological defects including intellectual and developmental impairments because of multiple therapies that affect children brains during their brain development \[[@b10-jcp-24-079]\]. Based on the mutations of the genes, there are four distinct molecularly classes of medulloblastoma which can be specified in classes of WNT, SHH, Group 3 and Group 4. The first class consist of 10% of total medulloblastoma tumors and show abnormal activation of Wingless (WNT) signaling and mutations of CTNNB1 and DDX3X in 50% to 85% of cases \[[@b11-jcp-24-079]\]. The second group of medulloblastoma based on molecular pathologies shows 30% of deranged Sonic Hedgehog (SHH) signaling. These tumors display classic or nodular/desmoplastic histology, 9q deletion in 50% of the cases and also positive immunohistochemistry for SFRP112 or GAB1 has been noticed \[[@b12-jcp-24-079],[@b13-jcp-24-079]\]. The biological attributes of Group 3 and 4 medulloblastomas are unclear yet. Group 3 tumors contain a high percentage of large or anaplastic cells. Also, MYC gene amplification and MYC target gene expression are considered as the main characteristic of this class. Isochromosome 17q and KCNA1 function as immunohistochemical markers that are seen in group 4 of medulloblastoma \[[@b14-jcp-24-079]\]. Furthermore, several protein-coding genes mutation and expression modification are seen in medulloblastoma patients that act as medulloblastoma pathogenesis \[[@b15-jcp-24-079]\]. There are other existing mechanisms that control gene expressions, such as, noncoding RNAs like microRNAs (miRNAs) and lncRNAs, DNA methylation and histone modifications. Any dysregulation in these mechanisms leads to medulloblastoma and its progression \[[@b16-jcp-24-079]\].

miRNAs are small, endogenous noncoding RNA that is 22nt in size \[[@b17-jcp-24-079],[@b18-jcp-24-079]\]. Most of these molecules originate from a primary molecule called pri-miRNA which after several consecutive processes create mature miRNA. RNA. Pol II/III transcribe DNA sequences into primary miRNAs which are further processed into pre-miRNA by DiGeorge Syndrome Critical Region 8 (DGCR8) and a ribonuclease III enzyme, Drosha. When pre-miRNA is generated, it is exported into the cytoplasm by an exportin 5 complex and is then processed by RNase III endonuclease Dicer \[[@b19-jcp-24-079],[@b20-jcp-24-079]\]. This process results in the formation of mature miRNA. The integration of miRNA into the RNA induced silencing complex (RISC) produces the functional miRNA that can exert its function. In most cases, miRNAs bind to 3′ UTR of the target mRNA to induce mRNA degradation and inhibit translation. However, there are some exceptions in the miRNAs that interact with another region including 5′ UTR, coding sequence and gene promoter. In some situations, miRNAs can induce translation and control transcription. miRNA-mediated gene silencing occurs via the miRNA induced silencing complex (miRISC) including the guide RNA and Argonaut protein family (AGO) which is the most crucial part of the RISC complex. The specificity function of miRISC depends on the interaction of complementary sequences on target mRNA (miRNA response elements) with miRNA of miRISC. When the miRNA-mRNA interaction is complete, AGO2 endonuclease activity is induced to cleavage target mRNA. Although, this interaction destabilizes the connection between AGO and 3′ end of miRNA promoting its degradation \[[@b17-jcp-24-079],[@b21-jcp-24-079]\]. The activity of miRNA molecules depends on several factors, such as miRNA location in the cell, the amount of miRNA and its target, and the affinity of miRNA-mRNA interaction. miRNAs play critical roles in cell proliferation and differentiation, and have major roles in embryogenesis, including brain and spinal cord development and neurogenesis \[[@b22-jcp-24-079]\]. miRNAs may display their roles in a wide variety of human cancer by dysregulating the expression of various oncogenes and tumor suppressors genes, tumor development, progression, chemosensitivity and cellular senescence \[[@b23-jcp-24-079],[@b24-jcp-24-079]\]. The broad functions of these non-coding RNAs make them a valuable therapeutic target for cancer treatment. The first studies of miRNA expression in brain tumor were done on pituitary adenomas and glioblastomas (GBM) in 2005. Since that time, more studies have examined miRNAs in adult GBM and anaplastic astrocytoma, oligodendrocytic tumors, and glioma cell lines \[[@b25-jcp-24-079],[@b26-jcp-24-079]\]. Additionally, several other types of researches have been published in order to shed light on the miRNAs roles in medulloblastoma in both pediatric and adult populations. This review will focus on existing literature on miRNAs and explain their role in the tumorigenesis of medulloblastoma.

SEARCH STUDY AND CLASSIFICATION OF IMPORTANT STUDY
==================================================

We searched PubMed Central for studies published until 15 October 2018 using the search strategy "mir"\[All Fields\] AND ("medulloblastoma"\[MeSH Terms\] OR "medulloblastoma"\[All Fields\]). We obtained 2,292 published studies from the initial search, 685 of which were identified as publications regarding miRNAs in medulloblastoma, to select the more informative studies to elucidate the potential of total miRNAs (circulate miRNA and other miRNA) roles in medulloblastoma. Studies that used a small sample size of \<100 patients and reported relatively poor performance (defined as using preliminary techniques and not validated) were excluded. Using these criteria, we identified 117 high-quality studies that were eligible for this systematic review ([Fig. 1](#f1-jcp-24-079){ref-type="fig"}).

As shown in [Figure 2](#f2-jcp-24-079){ref-type="fig"}, the studies were published between 2007 and 2018 and the number of articles fluctuates over the years. Our research indicated that so far, few studies have focused solely on this important subject and we need more and extensive studies in this area of medulloblastoma.

microRNAs ROLE IN CANCERS
=========================

Cancer is a complex and multifactorial disease that a variety of factors, such as genetics and environmental factors are involved in its progression \[[@b27-jcp-24-079],[@b28-jcp-24-079]\]. Firstly, scientists thought that only genes encoding proteins involved in the progression of tumors and tumorigenesis, but with the development of medical sciences and the whole genome project analysis revealed that some noncoding RNA, such as miRNAs also play a major role in tumorigenesis and cancer development \[[@b29-jcp-24-079],[@b30-jcp-24-079]\]. miRNAs play a critical role in post-transcriptional regulation and thus regulation of cellular function hence any malfunction in this regulatory system leads to abnormal expression of miRNAs and a variety of disorders such as cancers \[[@b31-jcp-24-079]\]. The term "oncomiRs" is used for those miRNAs which play an important role in cancer development \[[@b32-jcp-24-079]\]. Epigenetic regulation of miRNAs including DNA hypomethylation, increased DNA methylation and disruption of the histone modification patterns in the miRNAs locus, are higher than protein-encoding genes. miRNAs genes may be silenced in some human tumors by aberrant hypermethylation of CpG Island that surrounds or locates close to miRNAs genes and/or by histone modification \[[@b33-jcp-24-079]\]. miR-127 is located within CpG island and down-regulated in cancer cells which are accompanied by the up-regulation of proto-oncogene BCL6. These results indicate that DNA hypermethylation and histone deacetylation of miRNAs genes affect their expression and function \[[@b33-jcp-24-079]--[@b35-jcp-24-079]\]. Similarly, decreased expressions of miR-9-1 \[[@b36-jcp-24-079]\], miR-124a and miR-145-5p \[[@b37-jcp-24-079],[@b38-jcp-24-079]\] are contributed to DNA hypermethylation in breast, lung and colon carcinomas. These observations bookmarked the role of epigenetic regulation in miRNAs expression during tumorigenesis. Genomic miRNA copies number and gene locations (amplification, deletion, or translocation) contributed to miRNAs expression modifications in malignant cells. The first observation for miRNAs role in human cancer was derived from a study on chronic lymphocytic leukemia that had common deletions in chromosomal region 13q14 and down-regulation of miR-15-a and miR-16-1 in approximately 69% of the patients \[[@b39-jcp-24-079],[@b40-jcp-24-079]\]. Further studies have shown that miR-15 and miR-16 play crucial roles as tumor suppressors and induce apoptosis by repressing Bcl2 in malignant nondividing B cells and many solid malignant tumors. About 50% of all miRNAs are located within fragile sites in a genome or in the region that are amplified or deleted in human cancer \[[@b41-jcp-24-079]\]. A decreased expression of both miR-143 and miR-145 on 5q33 locus caused by deletion within this region causes lung cancer \[[@b42-jcp-24-079]\]. Also, miRNAs have the potential for being used as a diagnostic and prognostic biomarker and cancer therapy by targeting them. The miR-155 and let-7a expression were seen in lung cancer and can be used as biomarkers for the diagnosis of the disease \[[@b43-jcp-24-079],[@b44-jcp-24-079]\]. miR-143 can be used as a prognostic biomarker for colorectal cancer in KRAS wild-type patients \[[@b45-jcp-24-079],[@b46-jcp-24-079]\]. miRNAs can act as oncogenes or as tumor suppressors by influencing tumor suppressors and oncogenes expressions. Oncogenic miRNAs are up-regulated and tumor suppressor miRNAs are down-regulated in cancers. Olive et al. \[[@b47-jcp-24-079]\] was identified that c-Myc up-regulated in many tumors and activate transcription of the oncogenic miR-17-92 cluster that associated with several cancers like lung, leukemia and brain cancer, through binding to E-box elements in the miR-17-19 promoter.

microRNAs IN MEDULLOBLASTOMA
============================

Currently, about 1,917 human mature miRNAs are discovered and registered into miRBase release 22 databases (<http://www.mirbase.org/>). A various number of expression profiles of medulloblastoma have been released that indicate miRNAs roles and molecular significances in cancer development and progression. There are approximately 8,000 microarrays and RNA-seq data in Geo datasets for medulloblastoma. One of the first miRNAs expression profiling for medulloblastoma was achieved by Ferretti et al. \[[@b48-jcp-24-079]\] on 31 primary medulloblastomas that led to the exploration of 250 miRNAs and 31 significant miRNAs with changes in their expression pattern. They identified several miRNAs that were associated with tumorigenesis and progression of medulloblastoma. Different biological pathways are affected by miRNAs in the formation and progression of medulloblastoma tumors ([Fig. 3](#f3-jcp-24-079){ref-type="fig"}). Their expression modifications are associated with medulloblastoma. Mostly, the miRNAs in medulloblastoma play a different number of roles in WNT, SHH and MAPK pathways, as transcriptional repression. They have various functions in tumor cells, such as acting as tumor suppressors like miR-125b, miR-324-5p, and miR-326 that suppress the SHH pathway. On the other hand, some miRNAs act as oncomiR such as cluster miR-17/92 family members that play a role in the SHH pathway that increases cells proliferation when overexpressed \[[@b48-jcp-24-079]\]. To identify validated miRNAs, we listed the ten most frequently documented miRNAs in the identified studies as shown in [Table 1](#t1-jcp-24-079){ref-type="table"} \[[@b47-jcp-24-079],[@b49-jcp-24-079]--[@b57-jcp-24-079]\]. The reported and three representative target genes, which were identified according to miRTarBase (<http://mirtarbase.mbc.nctu.edu.tw/>), are also listed. To show the function and importance of these miRNAs in medulloblastoma, several well-designed studies are presented as examples.

1. miRNA 17 to 92 serves as OncomiR in medulloblastoma
------------------------------------------------------

miRNAs belong to different classes of genes known as non-coding RNAs which do not encode any proteins, these RNAs consist of 22--24 nt and mostly they act as a post-transcriptional regulation by degrading or hindering translation of the target mRNAs. The seed sequence is the functional part of a miRNAs (2--7 nt) in which seed sequence identifies the mRNA of the interest \[[@b58-jcp-24-079]\]. Less than 50% of miRNAs are located within the gene clusters, that is, genes that share similar function and are often located within a few thousand base pairs of each other \[[@b59-jcp-24-079]\]. These are mostly conserved in their sequences especially the seed sequence \[[@b60-jcp-24-079]\].

The miR-17 to 92 belong to the family of three clusters genes which is located on different chromosomes \[[@b61-jcp-24-079]\]. The miR-17to 92 cluster also known as Oncomir-1, are identified as potential oncogenes \[[@b62-jcp-24-079]\]. It is shown that miR17 to 92 has the polycistronic gene and six different miRNAs can be processed from the single precursor RNA of the miR-17 to 92 (miR-17, miR-18a, miR-19a, miR-20a, miR-19b-1, and miR-92-1). These are classified into four groups based on their seed sequence \[[@b63-jcp-24-079]\]. The miR-17 to 92 role in the pathogenesis of human cancer has been shown in Burkitt's lymphoma, diffuse large B-cell lymphoma, mantle cell lymphoma, follicular lymphoma, and several other solid tumors such as small cell lung cancer in which frequent amplification and overexpression occur in its locus on 13q31 \[[@b47-jcp-24-079],[@b58-jcp-24-079],[@b62-jcp-24-079],[@b64-jcp-24-079]\]. The other mechanism in which miR-17 to 92 cooperate into tumorigenesis is its interaction with c-Myc, which is shown in a study on the mouse model of B cell lymphoma. In this study, it is demonstrated that one of the miR-17 to 92 components, miR-19, acts as an activator for the Akt-mTOR signaling pathway, therefore it suppresses the *PTEN* gene to promote cell proliferation by C-Myc \[[@b65-jcp-24-079]\]. Also, there is evidence which supports the idea that miR-17 to 92 can affect angiogenesis as well as expression of some oncogenic transcription factors such as E2F \[[@b66-jcp-24-079]\].

Several other studies address the role of miR-17 to 92 in medulloblastoma tumorigenesis when cerebellar granule neuron progenitors (GNPs) fail to undergo cell differentiation, medulloblastoma occurs. The fact that one of the key components in the determination of cell differentiation is miRNA, therefore, the possible role of this noncoding RNA cannot be neglected in the progression of tumorigenesis of medulloblastoma \[[@b67-jcp-24-079]\].

One study shows that the expression of miR-17 to 92 in mouse helps with the development of the cerebellum and the proliferation of GNPs but not in postmitotic and differentiated neurons. Also, the miR-17 to 92 cluster has shown overexpression in medulloblastoma with activated SHH/PTCH signaling pathways which suggest that the miR-17 to 92 and SHH/PTCH pathways are functionally associated and contribute in the development of medulloblastoma in human and mouse models \[[@b68-jcp-24-079],[@b69-jcp-24-079]\].

2. microRNA-lethal-7 role as a tumor suppressor in medulloblastoma
------------------------------------------------------------------

The lethal-7 (let-7) loci are on 9q22.32 and this miRNA was at first demonstrated in *Caenorhabditis elegans* which consists of a gene that encodes 9 miRNAs with the same seed sequence and acts as a control checkpoint of the cell cycle to exit and terminal differentiation. The let-7 can be found in Drosophila, which is one gene with a one miRNAs and the same seed sequence of *C. elegans*. In vertebrates, there are many more members of the let-7 family than *C. elegans* and *Drosophila*. Also, there are 9 members of the let-7 family that can be found in humans \[[@b70-jcp-24-079]\]. Many characteristics of let-7 are conserved across species, however, there are some noticeable differences that can be seen between them, such as, size which is smaller in invertebrates, the conservation of a pattern of let-7 gene clustering and genomic positioning are conserved in flies and higher organisms, but it is not conserved in *C. elegans*. The major function of let-7 can be addressed to promote the differentiation of cells. In *C. elegans*, let-7 inhibit the stem cell-like divisions of Seam cells. In higher organisms, let-7 is up-regulated during embryogenesis. It is shown that pri-let-7a and pri-let-7e and mature let-7a, let-7e, and let-7c are up-regulated during mouse brain development \[[@b71-jcp-24-079]\]. In addition, in breast-stem cell progenitors, let-7 up-regulated as the cells differentiated. Additionally, the reduced level of let-7 demonstrated in many types of cancer \[[@b72-jcp-24-079]\]. Recently it has been discovered that the let-7 family carries out the tumor suppressive function and it is shown that let-7 locus is deleted and down-regulated in different cancers, for instance, lung cancer, head, and neck squamous carcinoma, melanoma. On the other hand, overexpression of this miRNA led to cancer cell grows inhibition \[[@b70-jcp-24-079],[@b73-jcp-24-079],[@b74-jcp-24-079]\]. The let-7 can directly target oncogenes such as RAS, MYC, and HMGA2 by 3′ UTR dependent manner \[[@b75-jcp-24-079],[@b76-jcp-24-079]\].

3. Down-regulation of miR-214 associated with tumor poor prognosis in medulloblastoma
-------------------------------------------------------------------------------------

miRNA-214 is a member of the miR-214 family, has shown dysregulated expression associated with several cancers like breast cancer, hepatocellular carcinoma, lung cancer, esophageal squamous cell cancer, and ovarian cancer \[[@b77-jcp-24-079]--[@b80-jcp-24-079]\]. Researches showed dysregulation of miR-214 associated with poor prognosis in the aforementioned cancers. It is shown that down-regulation of miR-214 is the fundamental mechanism in which cell proliferation and cancers can occur, therefore several genes such as PTEN, LHX6, GALNT7, and EZH2 are identified as potential miR-214 target genes \[[@b77-jcp-24-079],[@b81-jcp-24-079]\].

Though miR-214 functions as tumor-suppressors, other studies indicate its role in cancers such as medulloblastoma as an OncomiR. This shows the complexity and the different layers of gene regulation under the influence of microenvironment on different genes in different conditions in multicellular organisms \[[@b82-jcp-24-079]\].

4. miR-9 act as a tumor suppressor in medulloblastoma
-----------------------------------------------------

miR-9 is located on 1q22 and also has 1 exon. It was initially discovered by neurobiologist that miR-9 is the most highly expressed miRNA during the development of the brain in all vertebrate. The miR-9 regulates the expression of several transcription factors including, FoxG1, Hes1, or Tlx. miR-9 was at first found in neurogenesis but it shows tumor suppressor activities in various cancers such as colorectal cancer, small cell lung cancer. In colorectal cancer, it is demonstrated that the restoration of miR-9, considerably inhibits colorectal cancer cell growth and metastasis \[[@b36-jcp-24-079],[@b83-jcp-24-079]\], also miR-9 down-regulation in postmitotic neurons results in neurodegenerative diseases which implies the important role of miR-9 in neuronal development \[[@b84-jcp-24-079]\]. In medulloblastoma, miR-9 is suppressed via specific CpG island hypermethylation and it is one of the reasons for the poor prognosis of this cancer tumor \[[@b85-jcp-24-079]\]. In addition, Deletion of miR-9 can suppress the expression of cell cycle inhibitor p27 that results in cell proliferation and tumor initiation causing medulloblastoma \[[@b86-jcp-24-079]\].

5. miR-326 down-regulation in medulloblastoma
---------------------------------------------

The miR-326 is located on the 11q13 on chromosomes. The miR-326 is shown to significantly suppress the cell growth by inhibition of cyclin D1, cyclin D2, CDK4 and up-regulation of p57 and p21. In addition, miR-326 activates apoptosis by up-regulation of key apoptosis genes and down-regulation of anti-apoptotic genes \[[@b87-jcp-24-079]\]. Moreover, miR-326 is discovered to have a role in the inhibition of cell migration and invasiveness through inhibition of matrix metalloproteins MMP7 and MMP9 in various organs. The miR-326 is known as a tumor suppressor and it is shown to down-regulated in various types of cancers, such as colorectal cancer, breast cancer, glioma, glioblastoma, and, brain tumors \[[@b88-jcp-24-079]\]. This miRNA is associated with Notch signaling pathway for brain development and glioma which is the aggressive form of a brain tumor. This miRNA was shown to suppress by NOTCH and it can suppress the NOTCH itself in a feedback loop. The miR-326 also interacts with the SHH signaling pathway by downregulating the SMO protein which results in cell proliferation inhibition \[[@b89-jcp-24-079]\]. The mir-326 suppresses the SHH signaling pathway and by that, it can control the development of cerebellar neuronal progenitors and tumor cells, indicating that mir-326 down-regulation has a role in medulloblastoma and other types of brain tumors \[[@b49-jcp-24-079]\].

6. miR-199 family in medulloblastoma
------------------------------------

The miR-199a is a vertebrate-specific miRNA and there are two loci for the miR-199 family, one of them (miR-199a-1) is on the chromosome 19 and the other one (miR-199a-2) is located on the chromosome 1. Both of these loci encode the same miR-199a sequence. On chromosome 1, miR-199a is co-transcribed with miR-214 both of which contribute to the formation of the skeletal system \[[@b90-jcp-24-079]\]. The miR-199a is transcribed from the intron of the opposite strand of the Dynamin gene, GTPase family proteins that are responsible for the endocytosis in eukaryotic cells. It is shown that miR-199a and miR-199b control the expression of important mediators of endocytosis, such as clathrin heavy chain, Rab5A, Low-density lipoprotein receptor, and caveolin-1 \[[@b91-jcp-24-079],[@b92-jcp-24-079]\].

The miR-199 family (miR-199a-3p/-5p and miR-199b-3p/-5p) were down-regulated in different cancers and are classified as a tumor-suppressor miRNAs \[[@b93-jcp-24-079]\]. In medulloblastoma, not only the different pathways genes cooperate into the progression of cells towards the cancerous state, but also the genes interplay conversation between pathways which adds more complexity to cancerous mechanisms \[[@b94-jcp-24-079]\]. Notch pathway effector, HES1 gene, shows overexpression in medulloblastoma stem cells and granule-cell progenitors in which loss of expression of miR-199-5p was demonstrated to be mostly within the metastatic state of cancer by hypermethylation and silencing of the miR-199-5p locus. Also, the Notch pathway seems to have a cross-talk with SHH and other pathways \[[@b50-jcp-24-079],[@b95-jcp-24-079]\].

7. miR-125 family down-regulated in medulloblastoma
---------------------------------------------------

The miR-125 family consists of three members (miR-125a, miR-125b, and miR-125-2) which are highly conserved throughout various species \[[@b96-jcp-24-079]\]. miR-125a has been located at 19q13, however, miR-125b has been found to be located on two loci, 11q23 (hsa-miR-125b-1) and 21q21. The miR-125 family has been reported to be involved in a variety of carcinomas and other diseases. Members of this family have been connected to various cellular functions including, cell differentiation, proliferation, and apoptosis by targeting many different transcription factors, matrix-metalloprotease, growth factors. It was shown that miR-125 down-regulated in different cancers such as ovarian cancer, breast cancer, lung cancer, and brain tumors \[[@b97-jcp-24-079]--[@b99-jcp-24-079]\]. The function of the miR-125 family is to target and suppress matrix metalloprotease gene, BCL-2 gene, and so on \[[@b100-jcp-24-079]\]. The miR-125b suppresses the E2F2 proteins in CD133 positive cells and GScs in which they inhibit stem cell markers, but in glioblastoma, it is shown that the miR-125b is down-regulated \[[@b98-jcp-24-079]\]. Several studies have indicated that miR-125a can be activated by epidermal growth factor receptor which plays as a metastatic suppressor in lung cancer. MiR-125 up-regulation blocks the expression of MMP11 and vascular endothelial growth factor-A that leads to malignant phenotypes of many cancers \[[@b96-jcp-24-079]\]. Investigations have shown the roles of miR-125b in medulloblastoma and other brain tumors. Some studies indicate that miR-125a was down-regulated in medulloblastoma \[[@b48-jcp-24-079]\].

8. Down-regulation of microRNA-124 in medulloblastoma
-----------------------------------------------------

MiR-124 is a highly conserved miRNA and its mature miRNA constructed from three precursor variants that are located on chromosomes 8q23.1 (miR-124-1), 8q12.3 (miR-124-2), and 20q13.33 (miR-124-3). MiR-124 has shown a different pattern of expression in various types of cancers. In some cancers, miR-125 displays down-regulation, including osteosarcoma, glioblastoma, and medulloblastoma \[[@b101-jcp-24-079]--[@b104-jcp-24-079]\]. It upregulates in several other cancers such as breast cancer. The down-regulated expression of miR-124 followed by brain tumor growths in medulloblastoma acts as a tumor suppressor \[[@b102-jcp-24-079]\]. Several studies indicate that overexpression of miR-124, which can inhibit the expression of CDK6 and prevent cell proliferation of medulloblastoma. Up-regulation of CDK6 has been seen in one-third of medulloblastomas. Several other studies indicated that miR-124 could also inhibit SLC16A1 in medulloblastoma. SLC16A1 acts on the efflux lactic acid during aerobic glycolysis. Down-regulation of miR-124 is common in medulloblastoma which can induce cell growth and proliferation \[[@b102-jcp-24-079]\].

9. The microRNA-324 role as a tumor suppressor in medulloblastoma
-----------------------------------------------------------------

The miR-324-5p is located on 17p13.1 and it consists of 20--24 nucleotides. Both miR-324-5p and miR-324-3p are produced from a single pre-miRNA. The pre-miR-324 is composed of a 5p arm and a 3p arm with one terminal loop and soon after its transportation from the nucleus to the cytoplasm by exportin 5, it is further processed by the DICER so that its terminal loop is cut off from 5p-3p RNA duplex. Depending on which of these strands was loaded onto RISC, either the miR-324-5p or 3p is generated. The functions of micro RNAs varies a lot, but normally they contribute to the process of regulation which controls cell growth and proliferation. One of the roles of miR-324 is to contribute to neuronal differentiation alongside with miR-151 and miR-181 by suppressing cell proliferation.

The miR-324-3p and 5p are both generated from the same pre-miRNA but they have a variety of gene targets and gene expressions. In terms of their gene expression, miR-324 shows either up-regulation or down-regulation in various types of cancers. It is shown that miR-324 down-regulated in many types of cancers, such as hepatocellular carcinoma, glioblastoma, and medulloblastoma \[[@b105-jcp-24-079]\]. The miR-324-5p down-regulation is associated with metastasis and the invasion state in cancer \[[@b106-jcp-24-079]\]. In addition, in glioblastoma down-regulation of miR-324 is associated with poor prognostic and survival rate. The polycomb repressive complex 2 (PRC2) is one of the crucial elements in cancer initiation, progression, and invasion. The methyltransferase Enhancer of Zest Homolog 2 (EZH2) is an important part of the PRC2 protein, which is considered as an oncogene since it contributes to methylation of histone H3 lysine 27 of the tumor suppressor genes. The miR-324-5p suppresses EZH2 and functions as a tumor suppressor micro RNA in high-grade glioma tumor (glioblastoma) \[[@b86-jcp-24-079]\]. In medulloblastoma that is associated with SHH pathway, it is shown that the overexpression of Gli coincides with the down-regulation of some miRNAs, such as miR-324-5p which in fact can reinforce the tumor suppressor activities of miR-324-5p in cancers \[[@b107-jcp-24-079],[@b108-jcp-24-079]\].

10. Down-regulation of miR-218 coincide with cancer invasiveness
----------------------------------------------------------------

Like any other micro-RNAs, miR-218 is considered to be a short noncoding RNA that is transcribed by RNA polymerase II and is processed by Drosha and Dicer ribonuclease in order to become a mature micro-RNA. By incorporating the miR-218 into an RISC, it achieves the ability to exert its function through translational inhibition or destabilizing the target mRNA. The miR-218 gene is located on 4p15.31 and it is shown that miR-218 is vertebrate-specific and it exists in a wide range of vertebrate species. It is shown that the expression of miR-218 is up-regulated directly by hexametric Isl1-Lhx3 complex which in turn determines the fate of the motor neurons and any aberration in miR-218 expression is followed by hyperexcitability, neuromuscular junction failure, and neurodegeneration \[[@b109-jcp-24-079]\].

The aberrant expression of miR-218 is also linked to many types of cancers, such as oral squamous carcinoma, Nasopharyngeal carcinoma, bladder cancer, breast cancer, and medulloblastoma \[[@b110-jcp-24-079],[@b111-jcp-24-079]\]. Many studies provide evidence that the miR-218 is highly down-regulated in those cancers and this down-regulation is accompanied by cell migration, tumor invasiveness, and metastasis. The overexpression of miR-218 in different tumors shows a significant reduction in cell growth, colony formation, and invasiveness. All of these observations indicate that miR-218 acts as a tumor suppressor and its expression significantly decreases in cancerous tumors \[[@b112-jcp-24-079],[@b113-jcp-24-079]\]. By using the overexpression of miR-218 and RNA-seq tools, researchers have identified 618 genes in which their transcriptions are suppressed by miR-218 and existing among those genes are, CDk6, RICTOR (RPTOR independent companion of MTOR, complex 2), CTSB (cathepsin B) \[[@b51-jcp-24-079]\].

CONCLUSION AND PERSPECTIVE
==========================

In this review, we identified 117 high-quality published studies that provided strong evidence that miRNAs can be suggested as promising key molecules in medulloblastoma formation and progression. The mechanisms by which miRNAs show their association with tumorigenesis provide the meaningful idea that miRNAs are a suitable subject for future medical treatment of medulloblastoma therapy. Today an unprecedented progression in technology and the several devised new techniques are promising to find solutions for miRNAs challenging researches with the focus on cancer therapy. Also, in these novel methods are; large-scale analyses of clinical studies, biological processes and systems, a meta-analysis of different data. These seem to lead to an answer in the near future. Although significant efforts remain and several questions must be answered, we predict that these innovative technologies will drastically change the medical practice in the foreseeable future.
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###### 

The most frequent dysregulated miRNAs involved in the pathogenesis of medulloblastoma

  miRNA           Observation      Functional target   Representative target[a](#tfn2-jcp-24-079){ref-type="table-fn"}   Reference No.
  --------------- ---------------- ------------------- ----------------------------------------------------------------- -----------------------
  miR-17/92       Up-regulated     SHH pathway         *ZNFX1*                                                           \[[@b47-jcp-24-079]\]
  MYCN/MYC        *CCL1*                                                                                                 
  Gli1            *GPR137B*                                                                                              
                  *NABP1*                                                                                                
  Let-7g          Up-regulated     RAS                 *CDK6*                                                            \[[@b52-jcp-24-079]\]
  STAT3           *CDC25A*                                                                                               
                  *KRAS*                                                                                                 
                  *MYC*                                                                                                  
  miR-199-5p      Up-regulated     HES1                *HES1*                                                            \[[@b50-jcp-24-079]\]
  Notch pathway   *ETS2*                                                                                                 
  ErbB2           *MECP2*                                                                                                
  miR-214         Up-regulated     SHH pathway         *EZH2*                                                            \[[@b53-jcp-24-079]\]
  Gli1            *PTEN*                                                                                                 
                  *DAPK1*                                                                                                
  miR-9           Down-regulated   REST/NRSF           *TP53INP1*                                                        
  t-Trk-C         *MMP13*                                                                                                
                  *REST*                                                                                                 
  miR-125a        Down-regulated   REST/NRSF           *CDKN1A*                                                          \[[@b54-jcp-24-079]\]
  t-Trk-C         *LIN28A*                                                                                               
                  *TP53*                                                                                                 
                  *LIF*                                                                                                  
  miR-124a        Down-regulated   CDK6                *SOX9*                                                            \[[@b55-jcp-24-079]\]
                  *BDNF*                                                                                                 
                  *EFNB1*                                                                                                
  miR-125b        Down-regulated   Smo                 *BMPR1B*                                                          \[[@b56-jcp-24-079]\]
  Gli1            *EIF4EBP1*                                                                                             
                  *HMGA2*                                                                                                
  miR-324-5p      Down-regulated   Smo                 *SMO*                                                             \[[@b57-jcp-24-079]\]
  Gli1            *GLI1*                                                                                                 
                  *WNT9B*                                                                                                
  miR-326         Down-regulated   Smo                 *GLI1*                                                            \[[@b49-jcp-24-079]\]
  Gli1            *SMO*                                                                                                  
                  *NOTCH1*                                                                                               
                  *NOTCH2*                                                                                               
  miR-218         Down-regulated   EGFR                *MBNL2*                                                           \[[@b51-jcp-24-079]\]
  Bcl-2           *EFNA1*                                                                                                
                  *NUP93*                                                                                                
                  *EBP*                                                                                                  

The important microRNAs (miRNAs) with their pathways are considered in this table. It also provides the targeted genes of miRNAs.

miRNAs target according to miRTarBase.

[^1]: These authors contributed equally as the co-first author.
